The equilibrium geometry, harmonic frequency and dissociation energy of lanthanum monochloride have been calculated at B3LYP, MP2, QCISD(T) levels with energy-consistent relativistic effective core potentials. The possible electronic state and reasonable dissociation limit for the ground state are determined based on atomic and molecular reaction statics. Potential energy curve scans for the ground state X 1 Σ + have been carried out with B3LYP and QCISD(T) methods due to their better performance in bond energy calculations. We find the potential energy calculated with QCISD(T) method is about 0.5 eV larger than dissociation energy when the diatomic distance is as large as 0.8 nm. The problem that single-reference ab initio methods don't meet dissociation limit during calculations of lanthanide heavy-metal elements is analyzed. We propose the calculation scheme to derive The analytical function is of much realistic importance since it is possible to be applied to predict fine transitional structure and study reaction dynamic process.
Introduction
The transition metal monohydrides and monohalides have been extensively studied over several decades because they are of considerable interest in various fields such as astrophysics, catalytic chemistry, high-temperature chemistry and surface material [1] [2] [3] . . There have been significant efforts made in both spectroscopic investigations and ab initio calculations in order to get a better understanding of the electronic structure of such molecules. The visible band systems of monohalides LaH, LaF, LaCl are observed and rotationally analyzed [4] [5] [6] [7] [8] . A number of theoretical calculations also exist using ligand field theory and ab initio methods at all levels [9] [10] [11] [12] .
However up to now theoretical studies mainly focus on molecular equilibrium structure. Only several papers were devoted to calculations of global potential energy curves of LaH and LaF [13] [14] [15] , which is not compatible with so many experimental spectroscopic data. In the case of LaCl, there is even no report on theoretical calculation of its structure and molecular properties.
Global potential energy curve is significant for the investigation of collision reaction dynamics when these compounds are used as catalyst. 
Equilibrium Geometry
The possible electronic state for the ground state of LaCl may be the singlet than that of triplet, so the ground electronic state is determined to be the singlet. This is in accordance with the assignment of [8] although there was no compellent experimental evidence in that paper. Theoretical calculations here predict LaCl has analogic ground electronic configuration with LaH and LaF, which is still to be confirmed by future experiments. 
Potential Energy Curve and Analytical Function
In order to calculate potential energy curve, first all the possible electronic states and dissociation limits of LaCl should be determined based on atomic and molecular reaction statics [20, 21] . Firstly the separated atomic group method can be used to derive the possible electronic state for the ground state.
The ground electronic states of La and Cl are 2 D g and 2 P u respectively, both belong to SU(n) group. The symmetry is degraded to C ∞V when La and Cl approach and form the molecule LaCl. So representations 2 D g and 2 P u of group SU(n) can be resolved into direct sum of the representations of group
The direct product of atomic representations 2 D g and 2 P u is reduced as
Obviously the possible electronic states for LaCl are 
where ξ = R/R e − 1, R and R e are internuclear distance and its equilibrium value, D is bond dissociation energy. In addition M-S function can be expanded to the following approximate power series at equilibrium position as what
Dunham did in 1932 [22] , i.e.
The coefficients a 1 , · · · , a 6 shown in table 2, are calculated by a nonlinear leastsquare fitting of the data of potential energy curve. The formulae to obtain force constants from M-S analytical function are f 2 = D(a Converted from experimental Be of [8] .
b Experimental vibration frequency taken from [8] . Table 2 Parameters and force constants a of analytical potential function for the ground state b Taken from [8] . 
